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INTRODUCTION 
Pythium graminicolum Subr. was first reported as a root pathogen of 
wheat by Subramaniam in 1928. Since then it has been reported as a root 
pathogen of numerous grasses. Of interest is the observation that P_. 
graminicolum is rarely isolated directly from field soil. It is however 
recovered readily from the diseased roots of crested wheat grass seedlings 
or other susceptible grass hosts growing in field soil. It is apparently 
not an active colonizer of field soils but seemingly remains dormant in 
the soil, probably in the form of oospores. It has been shown (Harper, 
1961) that growing roots may have a stimulatory effect on oospores. 
Pythium debaryanum Hesse, a common pathogen of germinating seeds and 
emerging seedlings is recovered readily from field soils by direct 
isolation and apparently colonizes autoclaved soils. 
Several investigators have reported that there is a widespread 
fungistasis in field soils which may inhibit fungus spore germination or 
mycelial growth. 
Two general lines of investigation are reported in this dissertation. 
One involves studies of the fungistatic capacity of soils of several types 
and samples of soil taken at various depths, observations of recovery of 
the fungistatic capacity by autoclaved soils and determination of the 
fungistatic effects of field soil extracts. The other is an investigation 
of the fungistatic effects which some common soil fungi exert on the growth 
of P. graminicolum mycelium. 
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LITERATURE REVIEW 
Pythium graminicolum was first reported and described as a pathogen 
of wheat roots by Subramaniam in 1928. Its host range is for the most 
part restricted to the Gramineae (Middleton, 1943). Another common 
pythiaceous pathogen which parasitizes a wide range of plants is Pythium 
debaryanum Hesse (Matthews, 1931). P. debaryanum differs from P. 
graminicolum in that it induces seed rotting and damping off of emerging 
seedlings while P_. graminicolum characteristically parasitizes roots of 
plants. Buchholtz (1949) reported recovering P_. debaryanum from crested 
wheat grass seedlings most frequently the first few days after sowing but 
with decreasing frequency as the plants developed. graminicolum was 
seldom recovered from very young seedlings but was recovered with 
increasing frequency as the plants developed. Similar results are reported 
in isolations from barley and com (Summers and Buchholtz, 1958; Hampton 
and Buchholtz, 1959). 
P. debaryanum is isolated readily from field soils while P_. 
graminicolum is rarely isolated directly from field soils. Matthews (1931) 
however recovered P. graminicolum from hemp seeds and carrot roots that 
were placed on the surface of flooded soil. Buchholtz (1949), Knaphus and 
Buchholtz (1958) and Harper (1961) recovered P_. graminicolum by growing 
crested wheat grass in field soil and isolating the fungus from the roots 
of the seedlings. Staffeldt (1951) isolated P_. graminicolum from buried 
oat and clover straws. 
Apparently P. debaryanum is present in many field soils either as 
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actively growing mycelium or as dormant bodies which germinate readily on 
culture media. On the other hand, P. graminicolum is apparently not 
present in soil as actively growing mycelium nor does it produce mycelial 
growth readily on agar media. Harper (1961) postulates that in soil the 
primary inoculum of iP. graminicolum is oospores while that of P. debaryanum 
is probably oospores and sporangia. He found that crested wheat grass 
roots stimulated germination of oospores of P_. graminicolum formed in host 
roots but not those formed in corn meal agar. He also found that crested 
wheat grass roots and exudates of roots stimulated germination of P. 
debaryanum oospores which had been formed in host tissues. 
Several factors have been shown to have a modifying effect on active 
growth of fungus mycelium or spore germination in soil. West and 
Hildebrand (1940) found that soybean residue reduced incidence of root rot 
of strawberries while red clover residue had little effect. They postu­
lated that the soybeans had a carbohydrate breakdown which favored 
innocuous organisms over those which are pathogenic. Tyner (1940) 
suggested that microorganisms associated with oats straw deterioration 
bring about partial biologic control of plant pathogens while wheat straw 
compost favored disease development involving Ophiobolus graminis Saccardo, 
Helminthosporium sativum Pammel, King and Bakke, and Fusarium culmorum 
(IV. G. Smith) Saccardo. Staudinger (1961) found that chopped tops and 
roots of soybeans and also mature soybean straw incorporated into soil 
decreased P. graminicolum disease potential to crested wheat grass roots. 
Chopped sorghum plant tops increased the P_. graminicolum disease potential. 
Exudates of pinto beans were found to include amino acids and several 
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sugars (Schroth, Toussoun and Snyder, 1963). Most of these substances 
stimulate chlamydospore germination and mycelial growth. V.'illiams and 
Schmitthenner (1960) found that crops- and crop residues affected growth of 
certain fungi in the soil. Ludwig, Spencer and Unwin (i960) reported 
production of an antifungal factor by 5-6 day old barley seedling coleop-
tiles. Eight day old barley seedling coleoptiles did not produce this 
factor. Dobbs and Hinson (1953) reported inhibition of fungus spore 
germination by several soils and postulated a widespread fungistasis in 
soils. This inhibitive property was lost when the soil was autoclaved. 
Subsoils tested showed little fungistatic effect. Ether vapor and acetone 
removed the inhibitory effect temporarily. Soils dried for 20 years had 
apparently lost the inhibition completely. 
Chinn (1953) found that natural soils inhibited germination of spores 
of several fungi but that germination of spores was good in autoclaved 
soils and in field soils amended with 2% soybean meal. Hyphae however 
were often lysed in field soil within 4-7 days. 
Chinn and Ledingham (1957) found that many natural organic materials 
induced spores to germinate but other materials (i.e. salts, acids, 
vitamins) were not thus effective. Green plant materials stimulated 
germination. Jackson (1958a) found several soils in Nigeria prevented 
spore germination and also (1958b) showed that fungistasis decreased with 
increasing acidity. Park (1956) reported Bacillus macerans Schardinger to 
be inhibitory to Fusarium roseum (L.K.) emended Snyd. and Hans. Lockwood 
(1959) found that Streptomyces species were fungistatic and lytic to fungus 
mycelium and postulated the production of an antibiotic factor which 
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inhibited fungus growth. He suggested that in field soils there is a 
balance between antibiotic production and inactivation which results in a 
continual presence of small but biologically active amounts of antibiotics 
in soils. Griffin (1962) found that antibiotic producers were more 
inhibitory than non-antagonists in early stages of growth but that later 
non-antagonists were also somewhat inhibitory. He postulates that some 
fungistasis may be the result of metabolite products rather than specifi­
cally antagonistic substances. 
The fungistatic factor or factors involved in these phenomena are as 
yet unidentified. The effect has been readily demonstrated by several 
workers by indirect means but the substances which inhibit spore germin­
ation or mycelial growth have not been isolated or identified. Lingappa 
and Lockwood (1963) and Harper (1961) have reported that soil extracts are 
not fungistatic. Dobbs, Hinson and Bywater (1960) reported some fungis­
tatic effect with high concentrations of soil extracts. Lingappa and 
Lockwood (1963) report that the fungistatic effect is not caused by a 
volatile substance. They also rule out pH and osmotic conditions and 
postulate that the so-called widespread fungistasis is the result of the 
production of antibiotics by living soil microbes and is not due to a 
reserve of toxic substances in the soil. They suggest that Streptomyces 
spp. and Pseudomonas spp. are very active in antibiotic production. 
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MATERIALS AND METHODS 
The Pythium graminicolum isolates used in these experiments were 
obtained from Dr. D. C. Foley of the Department of Botany and Plant 
Pathology of Iowa State University at Ames, Iowa. The soil fungi were 
obtained from stock cultures maintained by Dr. Lois Mattery Tiffany of the 
Department of Botany and Plant Pathology also of Iowa State University. 
The dialyzer tubing was purchased from the Arthur H. Thomas Company, 
Philadelphia. Specifications which the company enclosed with the tubing 
were as follows: 
"This dialyzer tubing is a seamless product made of 
regenerated cellulose tubing by the viscose process. Except for 
a small amount of sulfur - approximately 0.1% - and traces of 
water and glycerin, the tubing is pure cellulose. 
"The average pore diameter is 4.8 millimicrons, as determined 
by the rate of flow of water through the film. Wall thickness 
is 0.0010 inch. The diameter inflated is 1 1/8 inch and the flat 
width of the tubing is 1 3/4 inches. The tubing is permeable to 
water and will permit passage of low molecular weight compounds 
in aqueous solution while retaining higher molecular weight 
materials such as proteins. Bacteria are also retained by the 
membrane." 
In the assaying of soil for fungistatic capacity a 6 gram portion of 
soil was placed inside and near the middle of a 10 cm length of the 
previously specified dialyzer tubing. The two ends of dialyzer tubing 
were then twisted together forming a package with a somewhat flattened 
bottom. 
This package was placed about 1 cm from the edge of a P_. graminicolum 
colony growing across 2% water agar in a petri plate as illustrated in 
Figure 1. When the P. graminicolum had grown well past the package of soil 
m 
Figure 1. Diagram showing arrangement of soil package in relation 
to fungus colony on 2% water agar plate. 
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the package was removed and the petri plate examined with a 7X dissecting 
microscope. The abundance of mycelium in the region under the package was 
compared with the abundance of mycelium in adjacent regions of the agar. 
The following index system was used. 
0 mycelium under package similar in abundance to mycelium in 
adjacent regions. 
+1 mycelium under package 1.2-1.4 times as abundant as mycelium in 
similar adjacent regions. 
+2 mycelium under package 1.4-1.8 times as abundant as mycelium in 
similar adjacent regions. 
+3 mycelium under package 1.8-2.6 times as abundant as mycelium in 
similar adjacent regions. 
+4 mycelium under package 2.6-4.2 times as abundant as mycelium in 
similar adjacent regions. 
+5 mycelium under package 4.2-7.6 times as abundant as mycelium in 
similar adjacent regions. 
+6 mycelium under package 7.6 or more times as abundant as mycelium 
in similar adjacent regions. 
-1 mycelium in adjacent regions 1.2-1.4 times as abundant as 
mycelium under package. 
-2 mycelium in adjacent regions 1.4-1.8 times as abundant as 
mycelium under package. 
-3 mycelium in adjacent regions 1.8-2.6 times as abundant as 
mycelium under package. 
-4 mycelium in adjacent regions 2.6-4.2 times as abundant as 
mycelium under package. 
-5 mycelium in adjacent regions 4.2-7.6 times as abundant as 
mycelium under package. 
-6 mycelium in adjacent regions 7.6 or more times as abundant as 
mycelium under package. 
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In calculating means of replicates, each index number was converted 
to the midpoint of the range which it represented. When the index numbers 
were negative, they were averaged as the reciprocals of the midpoint of 
their ranges, as shown below. 
The midpoints of the ranges for the index numbers are as follows: 
Index Number Midpoint of Range 
+6 12 a 
+5 5.9 
+4 3.4 
+3 2.2 
+2 1.6 
+1 1.3 
0 1.0 
-1 .77 
-2 .62 
-3 .45 
-4 .29 
-5 •17 
-6 .08 
aThe range of +6 extends from 7.6 to infinity and 12 is the author's 
estimate of a single number which reasonably represents this range. 
^Likewise the range of -6 extends from .13 to 0 and .08 is the 
author's estimate of a single number which reasonably represents this 
range. 
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EXPERIMENTAL PROCEDURES AND RESULTS 
Fungistasis of Pythium graminicolum in Soil at Five Depths 
Clarion and Webster soils are the predominant upland soils in the 
Clarion-Nicollet-Webster soil association of North Central Iowa. Clarion 
fine sandy loam and Webster silty clay loam are representative of this 
association. Colo silty clay loam, a black soil from the bottomland of 
Squaw Creek was also included. 
Samples of Clarion, Webster and Colo soils were taken on June 21, 1961 
from depths of 3-6 inches, 9-12 inches, 15-18 inches and 27-30 inches. 
They were obtained by boring a hole 36 inches deep with a clean post hole 
auger. A thin layer of soil was scraped from the inside of the hole at 
the 27-30 inch stratum to permit access to uncontaminated soil. The 
sample was taken by means of a clean, dry jar lid. The soil was placed in 
a clean metal can and kept covered with aluminum foil to prevent moisture 
loss. A similar procedure was followed in taking soil samples at the 
15-18, 9-12 and 3-6 inch depths in ascending order. 
The Clarion soil samples were from a field 2 miles south of 
McCallsburg, Iowa, which had been in corn in 1959 and 1960 and was planted 
to soybeans in 1961. Samples were taken between the soybean rows to 
reduce to a minimum the number of living roots included. The Webster soil 
was from this same field and again samples were taken between the rows to 
minimize inclusion of living roots. 
The samples of Colo silty clay loam soil were from the small field 
lying immediately north of the northeast corner of the Iowa State 
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University golf course. This field was in com during the 1960 and 1961 
seasons. 
A sample of clay subsoil was also obtained from the T. T. Lee farm 
near Huxley. A steep clay bank had been eroded to a depth of about 30 
feet. The sample was taken from a portion of this bafik about 22 feet from 
the top, on which there was no vegetation and no evidence of roots. The 
soil actually collected was from near the bottom of a 30 inch hole bored 
horizontally into the bank by means of a two inch soil auger. This sample 
was a mixture of blue and yellow clay, presumably "parent material." 
Eighteen dialyzer tubing packages of soil were prepared from the 
sample of 3-6 inch depth Clarion soil. Single packages were placed near 
P_. graminicolum mycelium growing in 2% water agar in petri plates (see 
Fig. 1). Some of the 3-6 inch Clarion sample was autoclaved at 15 
2 lbs./in. pressure for three hours and 18 packages of this steamed soil 
were also prepared. These 18 packages were also placed on 18 petri plates 
of 2» graminicolum inoculated agar. Similarly, 18 packages of field soil 
and 18 packages of steamed soil were prepared from each of the other three 
depths of Clarion soil. These were also placed on petri plates of P. 
graminicolum inoculated agar. 
The procedure of packaging and placing of soils from the four depths 
of Webster and Colo soils (steamed and non-steamed) was identical to that 
outlined above for Clarion soil. 
Clay (steamed and non-steamed) from the 22 ft. depth was also packaged 
and placed near the edge of P. graminicolum mycelium in the same manner. 
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Observation, measurement and tabulation were as follows: 
Two days after placement, three packages of each group of 18 were removed 
and abundance of mycelial growth in the area which had been under the 
package was compared with that in representative adjacent areas. On each 
succeeding day an additional three packages were removed and similar 
comparisons made. In addition, observations were also made on all plates 
from which packages had previously been removed. After six days, when 
packages had been removed from the 18 plates, all plates were observed for 
two additional successive days. Further observations were made after 3, 
6, 13, and 20 additional days. 
In table 1 is the record of these observations and tabulations for 
the samples, non-steamed and steamed, at four depths of Clarion, Webster 
and Colo soils and the clay at 22 ft. depth from Huxley. 
Table 1 is actually a summary of tables 10, 11, 12 and 13 in the 
appendix. The figures shown in each of these tables indicate the relative 
amount of P. graminicolum mycelium found under a package compared with the 
amount of P_. graminicolum mycelium found in similar adjacent areas. A 
figure of .50 thus means that there was 0.5 as much mycelium under a 
package as was found in adjacent areas while a figure of 1.1 means there 
was 1.1 times as much mycelium in the area under the package as was in 
similar adjacent areas. 
In tables 10, 11, 12 and 13 in the appendix, the first figure in each 
horizontal row is the measure of relative abundance of mycelium at the 
time the soil packages were removed. Three numbers (b, c, d) are found 
below each series of observations. The first number (marked b) is the 
Table 1. A comparison of effects of soil from four depths on growth of Pythium graminicolum 
On day of soil 2 days after soil 16 days after soil 
depth, package removal package removal package placement 
Soil type inches non-steamed steamed non-steamed steamed non-steamed steamed 
3-6 .08* .90 .11 1.04 .43 1.20 
Clarion 9-12 .10 .84 .12 .86 .48 .91 
15-18 .44 .74 .28 .76 .46 .87 
27-30 .46 .91 .40 .94 .68 1.00 
3-6 .29 .84 .44 .94 .59 1.10 
Webster 9-12 .47 .76 .48 .80 .60 .96 
15-18 .46 .78 .52 .74 .65 .90 
27-30 .32 .63 .40 .64 . 56 .73 
3-6 .30 .82 .39 .97 .60 1.13 
Colo 9-12 .27 .70 .38 .78 .58 1.10 
15-18 .41 .75 .48 .78 .54 .94 
27-30 .49 .70 .49 .74 .63 .81 
Clay subsoil 22 foot .73 .80 .77 .87 .87 .94 
depth 
aEach datum is the ratio: abundance of mycelium in area under soil package 
abundance of mycelium in similar adjacent areas 
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average of the first observations. The second number (marked c) is the 
average of the observations made two days after the initial observations. 
The third number (marked d) is the average of the observations made 18 
days after placement. Figures b, c and d were taken directly from tables 
10, 11, 12 and 13 and were used in compiling table 1. 
Immediately noticeable is the fungistatic effect of Clarion, Webster 
and Colo soils on P_. graminicolum. In all instances the average abundance 
of mycelium was less under field soil packages than under steamed soil 
packages. Of interest also is the fact that the myceliostatic effect 
apparently persists for a time in the agar after the soil package is 
removed. The Clarion and Colo soils showed considerable fungistasis at 
the 3-6 and 9-12 inch levels with somewhat less fungistasis at the 15-18 
and 27-30 inch levels. The Webster soil is also apparently fungistatic 
but shows little difference between the various depths. 
In general, soils of the 3-6 inch level exhibit a greater fungistatic 
effect than do soils from greater depths. 
The clay subsoil from a depth of 22 feet had markedly less fungistatic 
effect on the mycelium of P_. graminicolum than did the soils taken from 
depths of 30 inches or less. Very little difference was noted between 
steamed and non-steamed clay soil samples. 
An incidental observation of interest was the very marked abundance 
of nematosporangia in the area under some of the field soil packages. This 
observation will be discussed briefly also in the portion of this disser­
tation dealing with the effects of certain soil fungi on P. graminicolum. 
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Fungistasis of Pythium debaryanum by Field Soils 
Samples were taken from the 3-6 inch depth of Clarion, Webster and 
Colo soils. They were taken at locations a few feet from the locations 
where the samples were taken for determination of vertical distribution of 
the fungistatic property. The experimental procedure was identical with 
that for the previous experiment. Eighteen packages of soil (steamed and 
non-steamed) from Clarion, Webster and Colo soils were prepared and placed 
on 2% water agar near Pythium debaryanum mycelium. Observation and 
recording of results were also the same as for the previous experiment and 
are described in "materials and methods," Experiment 1, and more completely 
in the appendix. Table 13 in the appendix is a detailed record of results. 
Table 2 is a summary of the more cumbersome table 13. 
P_. debaryanum was inhibited markedly by all three field soils. It 
was apparently inhibited to approximately the same extent as was Pythium 
graminicolum. The capacity to inhibit mycelial growth was apparently 
retained for a period of time by the 2% agar medium even after the soil 
packages had been removed. 
Also of interest was the enhanced growth of P_. debaryanum on agar 
under and near soil packages containing autoclaved soil. 
Table 2. Effect of topsoil (3-6 inch depth) on growth of Pythium debaryanum on 2% water agar. 
On day of soil 
package removal 
2 days after soil 
package removal 
16 days after soil 
package placement 
Soil type non-steamed steamed non-steamed steamed non-steamed steamed 
Clarion .19% 1.3 .30 1.5 .67 1.5 
Webster .23 1.5 .35 1.5 .64 1.5 
Colo .35 1.4 .60 1.6 .94 1.6 
aEach datum is the ratio abundance of mycelium in area under soil package 
abundance of mycelium in similar adjacent areas 
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Recovery of Fungistatic Capacity by Steamed Soils 
in Sealed and Unsealed Containers 
A quite large sample of Webster soil was taken on June 28, 1962 at 
the 3-6 inch level from a soybean field two miles south of McCallsburg. 
This field had been planted to corn the previous year. The soil was 
transported in large clean pails covered with aluminum foil. 
Twelve 1-pint Mason jars were filled with portions of this soil and 
then sealed and autoclaved at 15 lbs./in. steam pressure for three hours. 
Soil was also placed in twelve 500 millileter Erlenmeyer flasks and these 
were stoppered with cotton plugs. These were autoclaved at 15 lbs./in. 
pressure for three hours. Twelve 500 millileter beakers were filled with 
soil, left uncovered and autoclaved for three hours at 15 lbs./in.^ 
pressure. Finally soil was placed in 12 plastic bags and these were not 
steamed but left as checks. 
After steaming and cooling three of the Mason jars were opened and 
three portions of soil from each jar were placed in dialyzer tubing 
packages. These packages were placed about one cm. from the edge of 
advancing Pythium graminicolum mycelium on 2% water agar. There was 
similar packaging and placement of steamed soil from three flasks, from 
three beakers. Packages of non-steamed soil (three from each of three 
plastic bags) were similarly prepared and placed near the edge of P. 
graminicolum mycelium. 
Nine Mason jars, nine cotton stoppered flasks, and nine beakers of 
steamed soil, as well as nine plastic sacks of non-steamed soil remained 
and these were all placed in a shaded portion of the greenhouse. 
Table 3. Relative abundance of Pythium graminicolum mycelium in immediate presence of soils autoclaved 
and sealed, autoclaved and stored in cotton stoppered flasks, autoclaved and stored in open 
beakers and unsteamed soil. Soil collected and processed June 28. Observations made 4 days 
after package placement and 11 days after package placement. 
Package placed 
June 28 
Package placed 
June 30 
Package placed 
July 4 
Package placed 
July 12 
First 
obser­
vation 
July 2 
Second 
obser­
vation 
July 9 
First 
obser­
vation 
July 4 
Second 
obser­
vation 
July 11 
First 
obser­
vation 
July 8 
Second 
obser­
vât ion 
July 15 
First 
obser­
vation 
July 16 
Second 
obser­
vation 
July 23 
Autoclaved 
and sealed 
1.01a 1.04 1.0 .96 .91 1.07 1.0 1.4 
Autoclaved and 
stoppered with 
cotton plug 
.94 1.07 1.0 1.0 .78 1.07 .75 .94 
Autoclaved and 
left in open 
beaker 
1.17 1.20 1.0 1.0 .48 .78 .43 .74 
Unsteamed 
field soil 
.12 .32 .52 .64 .38 .65 .45 .58 
aEach datum is the ratio abundance of mycelium under the soil package 
abundance of mycelium in similar adjacent areas 
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On June 30, three more containers were taken from each soil treatment 
group and the identical soil packaging and placement procedures were 
followed as were previously described. 
Similarly on July 4 and again on July 12, identical procedures of 
packaging and placement of soils were completed. 
The areas under the soil packages were observed four days and again 
11 days after placement of the packages. Abundance of mycelium in areas 
under packages was compared with abundance of mycelium in similar adjacent 
areas. The results are recorded in table 3. 
Of significance was the failure of steamed soil in sealed containers 
to regain fungistatic capacity in a period of 14 days. Steamed soil from 
the cotton stoppered flasks exhibited a limited fungistatic capacity six 
and 14 days after steaming. Steamed soil left in open beakers regained 
considerable fungistatic capacity in six days. It was comparable in 
fungistatic capacity to field soil stored in plastic bags after 14 days. 
Field soil was highly fungistatic on June 28 (the day soil samples were 
taken) but apparently this fungistatic capacity was lessened somewhat after 
storage in the greenhouse in plastic containers. 
Level of Fungistatic Capacity in Steamed Soils 
Sealed up to Five Months 
On June 28, Webster soil obtained at the same time and location as 
that used in the previous experiment was placed in 27 Mason jars. These 
2 jars were autoclaved at 15 lbs,/in. pressure for three hours. They were 
then placed in a shaded portion of the greenhouse and left undisturbed 
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until September 10. The lids were removed from three of these jars on 
September 10 and the opened jars were left with the remaining sealed jars. 
Three of the remaining jars were opened and left exposed four weeks later 
on October 8. On November 5 three additional jars were opened and left 
exposed. After progressively shorter intervals additional increments of 
three jars each were opened and left exposed (November 19, November 26, 
November 30, December 2, December 3, December 4). On December 4, on the 
day when the last three jars were opened, three portions of soil from each 
jar were removed and placed in dialyzer tubing packages. These packages 
were placed in advance of growing P. graminicolum mycelium on 2% agar. 
After four days the abundance of mycelium in the area under the packages 
was compared with the abundance of mycelium in similar adjacent areas. 
The results are recorded in table 4. 
Apparently autoclaved and sealed soil regained its fungistatic 
capacity when exposed to air. In general, the fungistatic capacity of 
these soils increased with increased length of exposure to air. Soil which 
had been sealed and stored for 159 days showed some fungistatic capacity. 
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Table 4. Relative abundance of Pythium graminicolum mycelium under 
packages of soil which had been autoclaved, stored and then 
exposed to air for 85-0 days. Soil packages placed near 
mycelium December 4. Observations December 7 and December 14 
Soil autoclaved, 
Sealed Soil autoclaved and stored stored and resteamed 
container First Second First Second 
opened observation observation observation observation 
December 7 December 14 December 7 December 14 
September 10 .17* .33 .72 .83 
October 8 .28 .35 .84 1.07 
November 5 .28 .47 .87 1.17 
November 19 .31 .70 .86 1.07 
November 26 .47 .82 . 63 .91 
November 30 .39 .86 .94 1.13 
December 2 .48 .89 .79 .89 
December 3 .59 .98 .91 1.17 
December 4 .58 .97 .89 1.10 
aEach datum is the ratio: 
abundance of mycelium under soil package 
abundance of mycelium in similar adjacent area 
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Fungistasis of Pythium graminicolum by Some Iowa Soils 
A natural widespread fungistasis in soils has been reported by Dobbs 
and Hinson, 1953. Harper (1961) has reported fungistasis to P. 
graminicolum in Clarion and Webster soils in Iowa. It is of interest to 
know if fungistasis to P_. graminicolum is a phenomenon which occurs 
generally in Iowa soils. 
Soil samples were taken along a route which began at Onawa in Monona 
County on the Missouri River flood plain and meandered through Crawford, 
Carroll, Audubon, Guthrie, Dallas, and Warren counties. This collecting 
was done on June 2, 1962. On June 3, 1962 other soil samples were taken 
along a route which began near Washburn in Black Hawk county and proceeded 
southward deviously to a point southeast of Tama. A total of nineteen 
samples of topsoils of various types were taken as well as four samples 
of subsoils. 
Four of the five large soil areas in Iowa are represented by samples 
in this experiment. Soils from the fifth, the Wisconsin drift area were 
assayed for fungistatic capacity in Experiment 1 reported on pages 11-15. 
The Missouri loess area is represented by samples of Luton and 
Kennebec soils of the Missouri and Little Sioux river flood plains, samples 
of Monona and Ida soils of the sloping bluffs area of Monona county 
(Monona-Ida-Hamburg association), and samples of Tama and Marshall loess 
soils of the Marshall association of Carroll and Audubon counties. Samples 
were also taken of the Shelby glacial till soil of the Shelby-Sharpsburg-
Winterset association in Guthrie county and Wabash loam of the bottom land 
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of a small stream in Guthrie county which intergrades into the Wisconsin 
drift area. 
Grundy silt loam of the Shelby-Grundy-Haig association in Warren 
county is a loess soil of southern Iowa. 
Predominant in the Iowan drift area is the Carrington-Clyde 
association. Samples of Carrington soil from moderate slopes and Clyde 
soil from the lower slopes as well as samples of bottomland Wabash soil 
are included. 
Tama-Muscatine is the major soil association of the Mississippi loess 
soil area. Samples of the level land Muscatine, sloping land Tama and 
more steeply sloping Fayette soils are included. 
The topsoil samples were taken from the top three inches of soil in 
oat fields where corn stalks and roots gave evidence that corn had been 
the crop of the previous year. Samples were taken with a clean trowel and 
the soil was placed in plastic bags which were closed with wire ties. 
Places of sampling were noted precisely on Soil Survey of Iowa maps and 
the soil type designations were assumed to be correct as located on these 
maps. These approximate locations are shown on the map in Figure 2. 
Four subsoil samples were also taken. The first subsoil sample was 
from a roadside cut under Ida soil in Monona county. A two inch soil 
auger was used to take a sample about 10 feet from the top of the bank and 
about two feet into the bank. No vegetation was growing on this surface. 
The second subsoil sample was also taken from a similar but deeper cut in 
Monona county. Here a sample was taken about 20 feet from the top of the 
cut and again the two inch soil auger was used to extract the sample from 
Figure 2. Approximate locations 
1 Luton silty clay 
2 Luton clay 
3 Kennebec silt loam 
4 Ida silt loam - 10 ft depth 
5 Monona silt loam 
6 Ida silt loam - 20 ft depth 
7 Marshall silt loam 
8 Marshall silt loam 
9 Shelby silt loam 
10 Tama silt loam 
11 Wabash loam - 10 ft depth 
12 Shelby loam 
from which soil samples were taken. 
13 Grundy silt loam 
14 Wabash silt loam 
15 Clyde silty clay loam 
16 Carrington loam 
17 Muscatine silty loam 
18 Muscatine silty loam 
19 Tama silt - 6 ft depth 
20 Tama silt loam 
21 Fayette silt loam 
22 Tama silt loam (eroded phase) 
23 Tama silt loam (eroded phase) 
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about two feet into the bank. Both samples were taken from the almost 
sheer bluff like banks which are characteristic of eastern Monona county. 
A third subsoil sample was from Guthrie county about 10 feet below the 
surface of Wabash loam soil. This was a steep bank near a creek, and 
appeared to be of a high sand content. Again there was no vegetation on 
the side of the bank and the soil sample was removed with a two inch soil 
auger. The fourth subsoil sample was taken about 11/2 miles southeast of 
Tama where recent road construction had left exposed a seven-foot bank 
without vegetation. Again the sample was removed by means of the soil 
auger at the six foot level. 
On June 4 half of each of these 23 soil samples was autoclaved for 
three hours at 15 lbs./in.2 pressure. Six portions from each soil sample 
were packaged in dialyzer tubing and the packages placed 1 cm. from the 
edge of P_. graminicolum mycelium on 2% water agar. Six soil packages were 
also prepared from each of the non-steamed soil samples and these were 
placed near the edge of P_. graminicolum mycelium on 2% water agar. On 
June 8 the soil packages were removed and the relative abundance of P_. 
graminicolum mycelium under the packages was observed and recorded. On 
June 15 the plates were again examined and relative abundance of P. 
graminicolum mycelium was observed and recorded. The results of these 
observations are shown in table 5. 
All samples of topsoil exhibited some fungistatic effect on P. 
graminicolum mycelium. Subsoils were much less fungistatic with two 
samples exhibiting essentially no effect on P. graminicolum mycelium. 
Carrington loam with a relative abundance of .20 at the first 
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Table 5. Relative abundance of Pythium graminicolum mycelium on agar under 
packages of soil from 23 locations in Iowa. Soil samples taken 
June 2 and 3, 1962. Inoculation of agar with P. graminicolum and 
placement of packages was on June 4. First soil package removals 
and observations were on June 8. Second observations were on 
June 15 
Field soil Steamed soil 
Soil type 
and location 
Sample 
no. 
First 
obser­
vation 
Second 
obser­
vation 
First 
obser­
vation 
Second 
obser­
vation 
Missouri loess area 
Topsoils 
Luton silty clay 
Monona county 
1 .40* .64 1.20 1.10 
Luton clay 
Monona county 
2 .68 .81 1.40 1.40 
Kennebec silt loam 
Monona county 
3 .24 .58 1.10 1.30 
Monona silt loam 
Monona county 
5 .31 .50 1.2 1.40 
Marshall silt loam 
Carroll county 
7 . .37 .60 .71 .87 
Marshall silt loam 
Audubon county 
8 .58 .84 .67 .96 
Tama silt loam 10 .25 .43 1.10 2.00 
Missouri loess - Wisconsin drift area 
Shelby silt loam 
Audubon county 
9 .50 .64 .91 1.05 
Shelby loam 
Guthrie county 
12 .79 .79 1.00 1.95 
aEach datum is the ratio: 
abundance of mycelium under package of soil 
abundance of mycelium in similar adjacent areas 
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Table 5 (Continued) 
Soil type 
and location 
Field soil 
Sample First Second 
no. obser- obser­
vation vation 
Steamed soil 
First Second 
obser- obser­
vation vation 
Southern Iowa loess area 
Grundy silt loam 13 
Warren county 
Iowan drift area 
Wabash silt loam 14 
Blackhawk county 
Clyde silty clay loam 15 
Blackhawk county 
Carrington loam 16 
Blackhawk county 
Mississippi loess area 
Muscatine silty loam 17 
Tama county 
Muscatine silty loam 18 
Tama county 
Tama silt loam 20 
Tama county 
Fayette silt loam 21 
Tama county 
Tama silt loam 22 
Tama county (eroded phase) 
Tama silt loam 23 
Tama county (eroded phase) 
,28 
.45 
.23 
.20  
.31 
.50 
.45 
. 2 8  
.50 
.50 
.48 
.65 
.44 
.43 
.60 
. 60 
.59 
.42 
. 60 
.58 
.96 
.72 
.91 
.77 
1 .10  
.83 
.96 
.87 
.71 
1.00 
1.30 
1.00 
1.15 
1 .20  
1.50 
1.25 
1.16 
1 .20 
.87 
1.20 
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Table 5 (Continued) 
Field soil Steamed soil 
Soil type Sample First 
and location no. obser­
vation 
Second 
obser­
vation 
First 
obser­
vation 
Second 
obser­
vation 
Missouri river loess area 
Subsoils 
Ida silt loam - 10 ft below 
Monona county surface 
4 1.0 1.05 1.00 1.30 
Ida silt loam - 20 ft below 
Monona county surface 
6 .55 .81 1.20 1.35 
Missouri river loess - Wisconsin drift area 
Wabash loam - 10 ft below 
Guthrie county surface 
11 .60 .67 1.60 1.65 
Mississippi loess area 
Tama silt - 6 ft below 
Tama county surface 
19 .96 .92 1.40 1.35 
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observation was apparently most fungistatic. Clyde silty clay loam, 
Kennebec silt loam, Tama silt loam, Grundy silt loam and Fayette silt loam 
restricted growth of P. graminicolum mycelium to less than .30 of "noraal" 
growth under their soil packages. Shelby loam, Luton clay and Marshall 
silt loam from Audubon county showed least fungistasis with relative 
abundance under soil packages of .79, .68 and .58 respectively. Ida silt 
loam subsoil from a 10 foot depth showed no fungistatic effect and Tama 
silt subsoil from the six foot depth had a relative abundance of .96 
indicating essentially no fungistasis. 
Fungistatic Effect of Soil Extracts 
A sample of Webster soil was taken from a field two miles south of 
McCallsburg on August 10, 1963, and carried to Ames in a covered metal can. 
A portion of the sample was placed in a beaker and autoclaved at 
15 lbs,/in.2 pressure. 
Two grams of non-steamed soil were placed in a clean beaker and mixed 
with eighteen milliliters of distilled water. This soil suspension was 
filtered through filter paper in a Btichner funnel. The filtrate was 
further filtered by drawing it through a Coors No. 3 porcelain filter and 
into a test tube in an aspirator flask. The Coors No. 3 porcelain filter 
has pores 1.3 to 2.0 microns in diameter. 
A filtrate was similarly prepared from two grams of the steamed 
portion of the soil sample. 
Finally, about one half of the filtrate from the non-steamed soil was 
autoclaved at 15 lbs./in. pressure for 15 minutes. 
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A series of dilutions was prepared from each material (filtrate of 
non-steamed soil, filtrate of autoclaved soil, autoclaved filtrate of 
non-steamed soil). Each dilution series ranged from the original concen­
tration of 10"! to a dilution of 10"1® with each successive dilution one 
tenth that of the preceding dilution. 
Petri plates of 2% water agar were inoculated with P. graminicolum on 
August 9. On August 10, one drop of the 1/10 soil extract was placed on 
the center of the agar of each of three petri plates. Similarly, one drop 
of diluted soil extract was placed on the agar of each of three petri 
plates for each of the remaining dilutions. On August 13, the length of 
mycelium growing diametrically across the petri plate was measured and 
recorded. 
Identical procedures in preparation, observation and recording were 
followed for filtrate of non-steamed soil, filtrate of autoclaved soil, 
and autoclaved filtrate of non-steamed soil. 
A record of measurements is in table 6. 
Cursory examination of table 6 indicates that the lO"* and 10~2 
dilutions of soil extract are apparently inhibitory to P_. graminicolum. 
These results are clouded however in that the 10"*® dilution of field soil 
and the 10"^ dilution of steamed soil also appear to show inhibition of 
P. graminicolum. 
In view of these somewhat indefinite results another experiment was 
devised in which more concentrated extracts of soils were placed on 2% 
water agar petri plates inoculated with P. graminicolum. 
In this experiment 100 grams of non-steamed soil was mixed with 75 
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Table 6. Length of Pythium graminicolum mycelium growing across 2% water 
agar. Plates inoculated August 9, 1963; one drop of indicated 
extract dilution added on August 10. Growth measurements 
recorded on August 13. 
Extract of Extract of Autoclaved extract 
Dilution non-steamed soil steamed soil of non-steamed soil 
10"1 4.7 cm. 6.0 cm. 7.0 cm 
lor2 4.3 5.0 7.0 
10-3 5.0 4.7 6.5 
10-4 6.5 6.8 6.3 
10"5 6.7 6.7 5.8 
10"6 6.5 5.7 6.3 
ID"? 6.0 4.0 6.5 
10-8 6.5 5.7 6.8 
10-9 6.2 5.2 7.0 
M
 O
 1 
»
—
• O
 
4.0 5.8 5.2 
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milliliters of distilled water. This heavy suspension was filtered through 
a filter paper in a Btichner funnel and the filtrate further filtered by 
drawing it through a Coors No. 3 porcelain filter into a test tube in an 
aspirator flask. Two milliliters of this filtrate was placed on each of 
three 2% water agar petri plates on which P_. graminicolum had been 
inoculated on the previous day. Similarly 2 milliliter quantities of other 
dilutions of this extract were placed on 2% water agar plates on which 
P_. graminicolum was already growing. 
An extract of steamed soil was prepared in the same manner and similar 
dilutions of this were placed on 2% water agar plates with growth of P. 
graminicolum. 
Finally, a portion of the non-steamed soil extract was placed in a 
test tube and autoclaved at 15 lbs./in.2 for 15 minutes. Similar dilutions 
were made of this extract and 2 milliliter portions of each of the 
dilutions placed on 2% water agar petri plates with growth of P. 
graminicolum. 
The 2% water agar plates were poured and inoculated with P_. 
graminicolum on August 16, 1963. The 2 milliliter portions of soil 
extracts and dilutions of extracts were placed on the agar on August 17 
and the length of mycelium was measured on August 19 and August 21. 
These results are recorded on table 7. 
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Table 7. Length of Pythium graminicolum mycelium growing across 2% water 
agar. Petri plates inoculated with P_. graminicolum on August 16. 
2 ml. of extracts and dilutions added to plates on August 17. 
Measurements on August 19 and August 21. 
Autoclaved 
Extracts of Extracts of extracts of 
field soil autoclaved soil field soil 
Dilutions Aug 19 Aug 21 Aug 19 Aug 21 Aug 19 Aug 21 
Filtrate 
1 
2 
1 
T 
1 
6 
1 
8 
-1 10 
10"2 
10'3 
10-4 
10" 
10 - 6  
2.6 cm. 5.1 cm. 
2.9 5.8 
3.3 cm. 5.4 cm. 3.9 cm. 6.2 cm. 
10 -7 
3.3 
3.3 
3.6 
3.9 
3.3 
3.2 
3.6 
3.2 
3.6 
4.0 
6.3 
6 . 2  
6 . 1  
6.3 
6.0 
5.8 
6.7 
5.7 
6.4 
6 . 6  
2 . 8  
3.4 
3.8 
3.7 
3.9 
3.9 
3.5 
3.6 
2.9 
3.3 
4.0 
4.8 
5.7 
6 . 6  
6.4 
6.3 
6.4 
6.2 
6.0 
5.2 
5.8 
6.9 
3.9 
3.5 
3.6 
3.3 
3.6 
3.4 
3.3 
2.6 
3.5 
3.0 
3.6 
6 . 8  
6 . 0  
6 . 1  
5.6 
6.4 
5.0 
5.6 
6.0 
6 . 1  
6.7 
6 . 1  
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Fungistatic Effects of Some Common Soil 
Fungi on Pythium graminicolum 
Inhibition of growth of organisms may be an effect of other living 
organisms. It is possible that the fungistatis reported in this disser­
tation and in other publications may be the effect, in whole or in part, 
of metabolic activity of other living organisms. This experiment is an 
attempt to determine possible inhibitive effects of some common soil fungi 
on the growth of Pythium graminicolum. Cultures of twenty-five soil fungi 
(listed on page 36b) were obtained from Dr. Lois I lattery Tiffany. Petri 
plates of 2% water agar were inoculated about one cm. from the edge with 
small blocks of three day old P. graminicolum water agar cultures. 
Diametrically opposite the P. graminicolum inoculation, the petri plate was 
also inoculated with a block of potato-dextrose agar with a three day cul­
ture of one of these soil fungi. There were five replicates of each 
combination of P. graminicolum and the respective soil fungi. Inoculation 
of petri plates was on January 6, 1964. As checks, five plates of 2% water 
agar were inoculated with P. graminicolum alone. On January 10, the plates 
were examined and the following distances measured: 
1. Radial extent of mycelium of the soil fungus. 
2. Distance between edge of soil fungus colony and P_. graminicolum 
colony. 
3. Radial extent of mycelium of P_. graminicolum. 
"Radial extent" and "distance between" in all instances were measured on 
a line between inoculation loci. Two of the above measurements are likely 
to indicate inhibitory effects : the radial extent of P. graminicolum 
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List of fungi included in experiment leading to table 8. 
Emericellopsis humicola (Cain) Cain 
Talaromyces spiculosporus (Lehman) Benjamin 
Pénicillium rubrum Stoll 
Pénicillium lanosum Westling 
Chaetomium globosum Kunze 
Aspergillus niger van. Tieghem . 
Myrothecium verrucaria (Albertini and Schweinitz) Ditmar 
Aspergillus terres Thorn 
Circinella spinosa van. Tieghem and Le Monnier 
Aspergillus flavus Link 
Mortierella species 
Phoma species 
Cladosporium herbarum (Persoon) Link 
Pénicillium solitum Westling 
Fusarium moniliforme Sheldon 
Stemphylium botryosum Wallroth 
Aspergillus nidulans (Eidam) Winter 
Rhizoctonia solani Ktihn 
Zygorhynchus heterogamus Vuillemin 
Pénicillium cyclopium Westling 
Absidia spinosa Lendner 
Actinomucor repens Schostakowit sch 
Coniothyrium species 
Mucor mucedo (Linne) Brefeld 
Trichoderma lignorum (Tode) Harz 
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mycelium and the distance between the soil fungus mycelium and the P_, 
graminicolum mycelium. Similar measurements were again recorded on 
January 11. Both of these sets of measurements are presented in table 8. 
Immediately noticeable is the apparently antagonistic effect of 
several fungi. There was a distance of at least 0.6 cm. between colonies 
of P_. graminicolum and colonies of Emericellopsis humicola, Talaromyces 
spiculosporus, Pénicillium rubrum, Pénicillium lanosum, Aspergillus niger, 
and Chaetomium globosum, as measured on January 11. Meanwhile P_. 
graminicolum had covered the entire petri plate in the checks. 
Of interest also is the restricted growth of P\ graminicolum mycelium 
in plates of essentially all of the fungi tested. The average radial 
growth of P. graminicolum mycelium in the check plates was 5.7 cm. on 
January 10 and 7.2 on January 11. In none of the plates containing another 
fungus did the P_. graminicolum mycelium grow to this extent. In two sets 
of petri plates (Trichoderma lignorum + P_. graminicolum and Absidia spinosa 
+ P. graminicolum) the fungi had grown rapidly and colony edges were joined 
on January 10 at the time of the first measurement. Trichoderma lignorum, 
especially, overgrew the P. graminicolum mycelium so quickly and with such 
a mass of mycelium that reliable measurement was impossible. 
It was of seme interest that in plates inoculated with Rhizoctonia 
solani and P. graminicolum, the latter had produced numerous nemato­
sporangia by January 10. It is not uncommon for P. graminicolum to produce 
nematosporangia after a few days of growth but it was unusual that so many 
were produced so soon. This effect was observed in none of the other petri 
plates. 
Table 8. Growth of Pythium graminicolum mycelium in proximity to colonies of other common soil fungi 
January 10 January 11 
Fungus opposite Length of Distance Length of P. Length of Distance Length of P. 
P. graminicolum in other between graminicolum other between graminicolum 
~~ petri plate soil fungus fungal mycelium soil fungus fungal mycelium 
growths growths 
cm cm cm cm cm cm 
Emericellopsis humicola 0.1 2.2 2.6 0.2 2.1 2.6 
Talaromyces spiculosporus 0.2 1.2 3.5 0.3 1.1 3.5 
Pénicillium rubrum 0.6 1.1 3.5 0.6 0.9 3.7 
Pénicillium lanosum 0.2 1.0 3.9 0.2 0.8 4.0 
Chaetomium globosum 0.3 0.8 3.9 0.4 0.7 4.0 
Aspergillus niger 0.6 0.8 3.7 0.9 0.6 3.8 
Myrothecium verrucaria 0.3 0.9 3.5 0.4 0.5 3.8 
Aspergillus terres 0.2 0.6 4.1 0.3 0.4 4.1 
Circinella spinosa 0.1 0.5 4.4 0.2* 0.4 4.4a 
Aspergillus flavus 0.1 0.4 4.6 0.2 0.2 4.8 
Mortierella species 0.5 0.4 4.1 0.5 0.2 4.3 
Phoma species 0.3 0.3 4.5 0.4a 0.2 4.6a 
aFungi have grown together making accurate determination impossible. 
Table 8 (Continued) 
January 10 January 11 
Fungus opposite 
P. graminicolum in 
petri plate 
Length of 
other 
soil fungus 
Distance 
between 
fungal 
growths 
Length of P. 
graminicolum 
mycelium 
Length of 
other 
soil fungus 
Distance 
between 
fungal 
growths 
Length of P. 
graminicolum 
mycelium 
cm cm cm cm cm cm 
Cladosporium herbarum 0.1 0.3 4.8 0.2* 0.2 4.9* 
Pénicillium solitum 0.3 0.2 4.5 0.4* 0.2 4.5* 
Fusarium moniliforme 0.7 0.5 3.6 1.0 0.1 3.8 
Stemphylium botryosum 0.6 0.2 3.7 0.7* 0.1 3.9* 
Aspergillus nidulans 0.2 0.5 3.9 0.4* 0 4.3* 
Rhizoctonia solani 2.0 0.2 3.0 2.4* 0 2.6* 
Zygorhynchus heterogamus 0.6 0.2 4.2 0.8* 0 4.4* 
Pénicillium eye1opium 0.4 0.1 4.8 0.5* 0 5.0* 
Absidia spinosa 1. 5a 0 3.5* _ a 0 _ a 
Actinomucor repens 0.5 0 4.6 0.6* 0 4^
 
CO
 
Coniothyrium species 0.5 0 4.3 0.7* 0 4.3* 
Mucor mucedo 1.2 0 3.9 1.3* 0 4.4* 
Trichoderma lignorum 3.2* 0 3.2* _ a 0 _ a 
Check. Pythium graminicolum 5.7 7.6 
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Transmission of Fungistatic Effects of 
Soil Fungi Through Dialyzer Tubing 
In several experiments dialyzer tubing served as a membranous 
restriction of fungus spread and contamination while allowing the fungis­
tatic property of soil to affect growth of Pythium outside the membrane. 
In this experiment, blocks of potato-dextrose-agar 1.5 cm. in diameter 
were wrapped in dialyzer tubing and placed about one cm from the edge of a 
2% water agar petri plate. These blocks were from seven day old cultures 
of Emericellopsis humicola, Pénicillium rubrum, Aspergillus niger, 
Chaetomium globosum, Talaromyces spiculosporum, Trichoderma lignorum and 
P. graminicolum, Trichoderma lignorum was included because the dialyzer 
tubing restricts the growth of this rapidly growing fungus and thus allows 
assay of its fungistatic properties. The remainder were fungi which had 
shown an apparent antagonism to £. graminicolum in the previous experiment. 
Inoculation of 2% water agar plates with P. graminicolum and placement 
of fungi enclosed in dialyzer tubing was on February 14. Measurements of 
radial extent of P. graminicolum mycelium were on February 17 and February 
19. They are recorded in table 9. Photographs of four of these plates 
taken on February 25 are in Figure 3. 
Of paramount interest is the apparently restricted growth of P. 
graminicolum mycelium on each of the plates on which a previously adjudged 
"antagonistic" fungus was contained in dialyzer tubing. Trichoderma 
lignorum, which grew so rapidly that it obscured results in the previous 
experiment, also apparently restricted growth of P. graminicolum. 
graminicolum in dialyzer tubing does not restrict growth of other P_. 
graminicolum mycelium growing in 2% water agar under it. 
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Table 9. Radial extent of Pythium graminicolum mycelium growing toward one 
growth of several fungi enclosed in dialyzer tubing. Measure­
ments three and five days after inoculation and placement of 
package 
Fungus in 
dialyzer tubing 
Length of P. 
February 17 
after three days 
graminicolum 
February 19 
after five days 
cm cm 
Emericillopsis humicola 2.8 3.0 
Pénicillium rubrum 2.4 2.6 
Trichoderma lignorum 2.2 2.4 
Talaromyces spiculosporum 2.1 2.2 
Chaetomium globosum 2.7 2.9 
Aspergillus niger 1.9 2.0 
Pythium graminicolum 3.6 5.3* 
Check (none) 3.5 6.5 
aMycelium had grown to dialyzer tubing package. 
Figure 3. Photographs of 2% water agar petri plates with packaged 
fungi and Pythium graminicolum inoculum. P. graminicolum 
inoculum is at top in each picture. Line marks edge of P. 
graminicolum mycelium, Plate at upper left contains 
packaged Talaromyces spiculospoium colony. Plate at upper 
right contains packaged Aspergillus niger. Plate at lower 
left contains Chaetomium globosum. Plate at lower right 
contains packaged Pythium graminicolum. Inoculations were 
on February 14. Observations recorded in table 9 were on 
February 17 and February 19. Photographs made on 
February 25. 
43 
44 
DISCUSSION AND CONCLUSIONS 
The results presented here indicate that fungistasis to Pythium 
graminicolum is a widespread phenomenon in Iowa soils. All samples of top 
soil assayed exhibited some fungistatic capacity. On the other hand, 
two of the five subsoils assayed showed negligible or no fungistatic 
capacity while three were apparently somewhat fungistatic. In his first 
account of such fungistasis in Iowa soils Harper (1961) reported observing 
it for Clarion and Webster soils. Of further interest is Dobbs and 
Vinson's (1953) report of a "widespread" fungistasis in soils and that 
subsoils were not fungistatic. 
Soils of the 3-6 inch level were generally more fungistatic than 
those from 9 - 12, 15 - 18 and 27 - 30 inch levels. Clarion soil, with a 
comparatively narrow stratum of topsoil exhibits progressively less 
fungistasis with increasing depth of sampling. Webster soil was uniformly 
black to a depth of 27 - 30 inches and exhibited considerable fungistasis 
at that depth. 
Knaphus and Buchho.lt z (1958) reported less P_. graminicolum at depths 
of 27 - 30 inches than at 3 -6 inch depths. The fungistasis reported 
here was less at the 27 - 30 inch depth than in surface soil. Thus the 
lesser fungistatic capacity of the soil in the "B" horizon apparently is 
in negative relationship to the amount of P_. graminicolum in soil at that 
depth. 
Abundance of fungistasis in topsoil generally, plus its relative 
abundance in the black "B" horizon of Webster, suggests a positive 
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relationship to organic matter content - which in turn suggests its 
possible association with other soil microflora. 
There is more direct evidence which points to other living organisms 
as a possible source of fungistatic properties. Non-steamed top soils 
which were fungistatic were not so after being autoclaved at high temper­
atures (steamed at 15 lbs./in.2 pressure for three hours). Furthermore, 
such steamed soils regained fungistatic properties quickly when exposed to 
air but remained fungistatic, or regained fungistasis slowly, if not 
exposed to air. Griffin (1962) reports some organisms which were not 
definitely antagonistic were capable of slowing growth of some fungi. 
Finally, of 25 species of fungi, all of which had been isolated from 
soil, and are in fact rather commonly isolated from soils, all inhibited 
the growth of P. graminicolum to some extent. In some instances the P. 
graminicolum mycelium simply grew more slowly; in others, growth, after an 
initial start, was abruptly arrested. In the plates containing .P. 
graminicolum and Rhizoctonia solani, growth of P. graminicolum was slowed 
somewhat and there were an unusually large number of nematosporangia in a 
very short time. Similarly unusual numbers of nematosporangia were noted 
on occasion on agar plates under field soil packages in some earlier 
experiments (See page 15). Possibly Rhizoctonia solani was present in the 
soil portions being assayed and in whole or in part influenced the 
development of nematosporangia. 
Apparently organisms may have varied effects on growth of fungi. One 
effect may be that of strong antagonism such as was shown by Emericellopsis 
humicola against P. graminicolum. Lockwood (1959) reported Streptomyces 
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spp. were antagonistic to soil fungi. A less noticeable effect may be 
attritional in nature. In association with several species in plates, 
P. graminicolum simply grew slowly but continuously. Griffin (1962) 
reported similar effects. Rhizoctonia solani, as noted above, induced a 
third type of effect, not so much on rate or extent of mycelium growth but 
on formation of nematosporangia. A rather common reported effect is 
inhibition of spore germination. (Dobbs and Binson, 1953). 
The fungistatic effects of field soils on Pythium debaryanum were 
also assayed. It was restricted in growth by field soils to much the same 
extent as P. graminicolum. debaryanum however apparently grew more 
vigorously under the influence of autoclaved soils. 
Harper (1961) and Lingappa and Lockwood (1963) report that their soil 
extracts were not fungistatic. For Dobbs, Hinson and Bywater (1963) very 
high concentrations of soil extracts were somewhat fungistatic. The soil 
extracts prepared in these experiments were not fungistatic. Thus is 
introduced an apparent paradox. Hie fungistatic property of a soil has 
been shown by many workers to be capable of acting through a membrane and 
affecting growth of fungi in its immediate proximity. P. graminicolum 
mycelium was inhibited in growth under and in vicinity of soil samples 
packaged in dialyzer tubing. Furthermore, when soil packages were removed, 
the area under the package apparently retained some of the fungistatic 
property. The soil fungi tested were apparently able to affect growth of 
mycelium markedly through dialyzer tubing. Thus there is considerable 
evidence that the "fungistatic factor" is diffusible, and it seems 
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reasonable that soil extracts should retain at least part of it. Such 
has not been satisfactorily shown. Lingappa and Lockwood (1963) postulate 
a continual production and deterioration of fungistatic substances in 
soil. On this basis there may be rapid deterioration without renewal in 
soil extracts. 
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SUMMARY 
Fungistasis in soil to growth of Pythium graminicolum mycelium was 
assayed by estimating degree of inhibition of growth under soil held 
(packaged) in dialyzer tubing. 
Samples of top soil from five major soil areas in Iowa were thus 
assayed and all exhibited considerable fungistasis to P. graminicolum. 
Five subsoils sampled at depths of six to 22 feet all exhibited much less 
fungistasis with two exhibiting essentially none. 
Clarion, Webster and Colo soils were sampled at depths of 3 - 6, 
9 - 12, 15-18 and 27 - 30 inch depths and the samples assayed for 
fungistatic effect. In general, samples from the 3-6 inch depth showed 
the greatest fungistatic effect with those from the 15-18 inch and 27 -
30 inch depth showing noticeably less. Samples of Webster soil from the 
27 - 30 inch level exhibited considerable fungistatic effect. 
Portions of soil samples were autoclaved for three hours and stored 
for periods up to 14 days in sealed containers, cotton-stoppered flasks 
and open beakers. The soil in sealed containers exerted no fungistasis 
but the soil in open containers regained some fungistatic capacity in six 
days and were markedly fungistatic in 14 days. Soil in Cotton-stoppered 
flasks regained some fungistatic capacity. 
Sealed Mason jars of field soil were autoclaved and later opened at 
intervals up to 159 days. Soil in jars stored 159 days exhibited sane 
fungistasis. Soil in jars stored for long periods (74-158) days exhibited 
additional fungistatic capacity after being exposed to air. 
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Soil extracts and dilutions of these same extracts were assayed for 
fungistatic capacity by filtering the extracts with a Coors No. 3 filter 
and placing the extracts or dilutions on 2% water agar plates with P_. 
graminicolum mycelium growing on them. P. graminicolum mycelium growth 
was quite similar in plates amended with extracts of field soils, extracts 
of steamed soils and steamed extracts of field soils. 
Twenty-five selected soil fungi were placed opposite P. graminicolum 
on 2% water agar plates. All of the fungi tested exhibited some inhibition 
to growth. Emericellopsis humicola, Pénicillium lanosum, Pénicillium 
rubrum, Aspergillus niger, Talaromyces spiculosporus and Chaetomium 
globosum arrested growth of V. graminicolum. The remaining fungi slowed 
growth but did not arrest it. Rhizoctonia solani slowed growth, and in 
addition P. graminicolum in plates containing Rhizoctonia solani produced 
unusually large numbers of nematosporangia. It had been noted earlier that 
nematosporangia had developed in unusually large numbers under some 
packages of field soils. 
Cultures of some of the antagonistic fungi were placed in dialyzer 
tubing packages and placed opposite P_. graminicolum on 2% water agar 
plates. P. graminicolum mycelium growth was inhibited in these plates. 
It is postulated that a widespread fungistasis to P. graminicolum 
exists in the soils of Iowa. This effect is not so apparent in low organic 
matter content subsoils. Soil microorganisms are probably involved in the 
production of this fungistatic effect. These microorganisms or their 
products may be antagonistic, moderately inhibitory or they may affect 
spore germination or spore production. 
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APPENDIX 
Five rather lengthy tables are presented in the appendix. These 
tables record the results of experiments done in June and July of 1961. 
The technique of packaging soil and placing it in advance of fungus 
mycelium was new at that time and a great many observations were made. The 
record of these observations is probably too unwieldy for presentation in 
the dissertation proper. It is however included in the appendix. The 
tables presented in the dissertation proper are summaries of these tables, 
using the three means found below each segment of the table. A detailed 
description of the first segment of the tables (Table 10, Clarion Soil 
3-6 inch depth) is given in hope that it will facilitate understanding 
of the entire series. 
Eighteen petri plates of 2% agar were poured and inoculated with 
Pythium graminicolum on June 20. Eighteen portions of soil were packaged 
in dialyzer tubing and a package of soil was placed in each petri plate in 
advance of the growing Pythium graminicolum mycelium. On June 23 the 
packages of soil were removed from three of the 18 petri plates and 
observation of the abundance of mycelium in the area under the package was 
compared with the abundance of mycelium in similar adjacent areas. The 
average of these three observations (.08) is noted under the date June 23 
and first in the horizontal line indicated by the date June 23. On June 
24, the soil packages were removed from an additional three petri plates 
and the relative abundance of mycelium under these packages was assayed. 
This (.08) is recorded under the heading June 24 and is also the first 
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notation in the horizontal line indicated by the date June 24. In addition 
another observation was made of the soil package-covered area on the first 
three plates and the average of these determinations of relative abundance 
of mycelium (.13) was recorded under June 24 in the first horizontal line 
indicated by the date June 23. 
This general procedure was followed until June 28 with soil packages 
being removed from an additional three petri plates on each day. Obser­
vations were made of the plates from which soil packages were removed and 
also of plates from which soil packages had previously been removed. On 
June 29, June 30, July 3, July 6, July 9, July 16 and July 23 observations 
were made and assays recorded as shown in the table. 
A summary of the table was made by computing the following means: 
The first number in each horizontal row is a record of the assay of 
relative abundance of mycelium on the day of removal of soil packages. It 
is recorded first in the series of three means below the table segment 
proper and is marked b. 
A mean of all of the numbers which are third from the left in each 
horizontal row was also computed. This number is the second in the series 
of three means below the table segment proper and is marked c. The numbers 
from which this mean is derived are all recordings of relative mycelial 
abundance in soil package influenced areas two days after removal of the 
packages. 
The last in the series of three means (marked d) is found by averaging 
the assays recorded on July 9th. These observations were made 19 days 
after placement of the soil package but it should be noted that the period 
of time between soil package removal and observation ranges from 11 to 16 
days. 
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Table 10. Relative abundance of Pythium graminicolum mycelium under 
packages of Clarion soil from four depths 
Date of soil Date of observations 
package June July 
removal 23 24 25 26 27 28 29 30 3 6 9 16 23 
Clarion soil, 3-6 inch depth, non-steamed 
23 .08* .13 .14 M 00
 
.18 .20 .33 .33 .33 .33 .36 .38 .56 
24 .08 .08 .08 .13 .20 .21 .33 .36 .43 .91 .83 .91 
25 .08 .10 .13 .17 .17 .24 .29 .38 . 56 .77 .83 
26 .08 .08 .10 .17 .17 .20 .21 .26 .48 .77 
27 .08 .10 .10 .13 .20 .26 .26 .45 .71 
28 .08 .13 .13 .17 .33 .33 .42 .71 
.08b .11C .43d 
Clarion soil, 3 - 6 inch depth, steamed 
23 1.0a .77 .83 .91 .83 .83 .91 .91 .91 1.0 1.0 1.0 1.0 
24 .83 1.0 1.0 1.1 1.1 1.1 1.0 1.0 1.1 1.1 1.1 1.2 
25 .83 .77 .91 1.2 1.1 1.1 1.2 1.2 1.3 1.3 1.4 
26 .83 1.1 1.2 1.2 1.2 1.2 1.3 1.4 1.4 1.2 
27 .91 1.3 1.3 1.2 1.2 1.2 1.3 1.3 1.3 
28 1.0 .91 1.0 1.3 1.4 1.4 1.4 1.4 
. 90b 1.04e 1.2d 
aEach datum is the ratio: 
abundance of P_. graminicolum mycelium under soil package 
abundance of IP. graminicolum in similar adjacent areas 
A^verage of figures in first diagonal row, each of which is a record 
of the first observation on each plate. 
cAverage of figures in third diagonal row, each of which is a record 
of observation made two days after soil package removal. 
^Average of figures in vertical row showing results of observations 
made on July 9 (20 days after soil package placement). 
Table 10 (Continued) 
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Date of soil _______ 
package June 
removal 23 24 
Date of observations 
25 26 27 28 29 30 
July 
3 6 16 23 
23 
cd 00 o
 .11 .11 .15 .21 .26 .33 .38 .42 .43 .56 .71 .77 
24 .14 .13 .16 .17 .19 .48 .59 .59 .59 .77 .83 .91 
25 .08 .08 .08 .08 .13 .20 .33 .33 .45 .59 .91 
26 .14 .16 .19 .28 .32 .43 .48 .59 .91 .91 
27 .08 .10 .10 .20 .24 .38 .38 .62 .91 
28 .08 .08 
.10b 
.10 .10 
.12° 
.16 .16 
.48d 
.20 .20 
a Clarion soil, 9 - 12 inch depth i, steamed 
23 .91 .83 1.1 .83 .77 .83 .83 .77 .83 .83 .83 1.0 1.0 
24 .71 .77 .77 .67 .62 .71 .67 .77 .83 .83 1.1 1.1 
25 . .91 1.0 .83 .91 .91 .83 .83 .91 .91 1.1 1.1 
26 .59 .62 .62 .59 .62 .67 .77 .77 .83 .91 
27 .91 1.0 .91 .91 .91 1.1 1.1 1.0 1.0 
28 1.0 1.0 
. 84b 
.91 .91 
.86° 
1.0 1.0 
.91d 
1.1 1.1 
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Table 10 (Continued) 
Date of observations Date of soil 
package June 
removal 23 24 25 26 27 28 29 30 
July 
3 6 16 23 
23 .77 .53 .45 .38 .38 .45 .59 .62 .62 .77 .83 1.0 1.0 
24 .77 .59 .28 .28 .28 .26 .26 .42 .48 .48 .71 .91 
25 .59 .38 .26 .24 .24 .24 .33 .42 .42 .56 .14 
26 .14 .13 .17 .20 .21 .28 .28 .31 .71 .77 
27 .13 .17 .17 .20 .24 .26 .29 .43 .62 
28 .26 .33 
.44» 
.33 .38 
. 28C 
.42 .42 
.46d 
.53 .56 
Clarion soil, 15 ; - is 1 inch depth, steamed 
23 1.0* .62 .83 .71 .71 .71 .71 .71 .71 .71 .77 .91 1.0 
24 .71 .67 .83 1.2 1.0 1.0 1.0 1.1 1.1 1.2 1.2 1.2 
25 .59 .50 .50 .50 .50 .50 .59 .59 .71 .77 .83 
26 .83 1.0 1.2 1.0 1.1 1.0 1.1 1.1 1.2 1.1 
27 .77 .77 .67 .67 .71 .77 .83 1.1 1.1 
28 .53 .53 
.74b 
.53 .59 
. 76c 
.62 .62 
. 87d 
.83 .91 
Table 10 (Continued) 
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Date of soil __________________________ 
package June 
removal 23 24 25 26 27 28 
Date of observations 
29 30 
July 
3 6 16 23 
23 1.0a .77 .77 .67 .67 .71 .67 .67 .71 .77 .77 1.0 1.0 
24 .62 .53 .50 .50 .50 .50 .50 .50 .53 .71 .83 1.0 
25 .59 .50 .45 .56 .50 .56 .56 .59 .77 .83 1.0 
26 .17 .29 .29 .29 .38 .42 .50 .71 .77 1.0 
27 .26 .33 .24 .24 .38 .45 .67 .91 .91 
28 .10 .10 
,46b 
.17 .29 
.40c 
.29 .45 
.68d 
.62 .91 
Clarion soil, 27 ' - 3G I inch depth, steamed 
23 1.2a 1.1 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 
24 .83 .83 .83 .83 .83 .83 .71 .71 .91 .91 1.0 1.0 
25 1.1 .91 1.0 1.1 1.1 1.1 1.2 1.3 1.3 1.3 1.3 
26 .62 .67 .71 .71 .71 .71 .71 .83 1.0 1.0 
27 .91 .83 1.0 1.0 1.1 1.1 1.1 1.2 1.1 
28 .91 .91 
.91b 
1.0 1.0 
. 94° 
1.1 1.1 
1.0d 
1.3 1.3 
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Table 11. Relative abundance of Pythium graminicolum mycelium under 
packages of Webster soil from four depths 
Date of soil Date of observations 
package June July 
removal 26 27 28 29 30 1 2 3 5 8 11 18 25 
Webster soil, 3-6 inch depth, non-steamed 
June 26 .21 .26 .33 .45 .45 .45 .50 .50 .59 .59 .59 .71 1.0 
27 .18 .29 .38 .42 .45 .48 .50 .50 .50 .50 .71 .91 
28 .36 .36 .42 .42 .42 .53 .53 .53 .59 .67 .91 
29 .24 .33 .38 .38 .38 .38 .38 .56 .71 .91 
30 .36 .42 .45 .48 .59 .59 .62 .83 1.0 
July 1 .38 .50 
. 29b 
.59 .59 
.44° 
.62 .67 
. 59d 
.83 1.0 
Webster soil, 3 - 6 inch depth, steamed 
June 26 .77* .77 .77 .83 .83 .83 .83 .83 .83 .83 .83 1.0 1.0 
27 .67 .67 .67 .71 .71 .77 .77 .83 .83 .83 1.0 1.0 
28 1.0 1.0 .91 .83 .91 .91 .91 1.0 1.0 1.0 1.1 
29 .77 .83 .91 .91 1.2 1.4 1.4 1.4 1.4 1.2 
30 .91 1.0 1.2 1.2 1.3 1.3 1.3 1.3 1.3 
July 1 .91 1.0 
. 84b 
1.2 1.2 
. 94c 
1.2 1.3 
l.ld 
1.6 1.4 
aEach datum is the ratio: 
abundance of P_. graminicolum mycelium under soil package 
abundance of I\ graminicolum in similar adjacent areas 
bAverage of figures in first diagonal row, each of which is a record 
of the first observation on each plate. 
cAverage of figures in third diagonal row, each of which is a record 
of observation made two days after soil package removal. 
^Average of figures in vertical row showing results of observations 
made on July 11 (20 days after soil package placement). 
Table 11 (Continued) 
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Date of soil Date of observations 
package June July 
removal 26 27 28 29 30 1 2 3 5 8 11 18 25 
Webster soil, 9-12 inch depth, non-steamed 
June 26 . 77 .59 .67 .67 .59 .59 .71 .71 .77 .83 .83 1.0 1.0 
27 .56 .50 .50 ,50 .50 .59 .59 .67 .67 .71 .91 1.0 
28 .37 .42 .42 .50 .53 .53 .53 .59 .59 .77 .91 
29 .38 .38 .50 .56 .56 .56 .56 .56 .77 .91 
30 .45 .45 .45 .45 .45 .45 .45 .71 .83 
July 1 .29 .38 
.47b 
.33 .33 
.48= 
.38 .45 
.60d 
.67 .83 
Webster soil, 9 - 12 inch depth i, steamed 
June 26 .62* .91 .83 .77 .77 .77 .77 .77 .77 .83 .83 1.0 1.0 
27 .91 .83 .83 .83 1.0 1.0 1.1 1.1 1.1 1.1 1.1 1.1 
28 .71 .71 .71 .71 .77 .77 .77 .83 1.0 1.0 1.0 
29 .71 .71 .77 .77 .91 .91 1.0 1.0 1.1 1.0 
30 .71 .77 .77 .83 .83 .83 .91 1.0 1.0 
July 1 .91 .91 .91 .91 .91 .91 1.0 1.0 
.76b .80° .96d 
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Table 11 (Continued) 
Date of soil Date of observations 
package June July-
removal 26 27 28 29 30 1 2 3 5 8 11 18 25 
Webster soil, 15 - 18 inch depth, non-steamed 
June 26 .42* .56 .56 .56 .56 .59 .59 .59 .59 .59 .67 .83 1.0 
27 .73 .53 .53 .53 .59 .59 .59 .67 .67 .67 .83 1.0 
28 .71 .67 .67 .71 .71 .67 .67 .67 .83 .91 1.0 
29 .38 .38 .48 .59 .59 .59 .59 .77 .91 .91 
30 .29 .50 .50 .50 .50 .50 .56 .71 .83 
July 1 .24 .38 
.46» 
.38 .38 
. 52C 
.38 .42 
.65d 
.48 .71 
Webster soil, 15 - 18 inch ; depth, steamed 
June 26 .83* .83 .71 .83 .77 .83 .83 .83 .83 .83 1.1 1.0 1.0 
27 .67 .67 .71 .67 .71 .77 .71 .77 .77 .83 .91 1.0 
28 .83 .83 .77 .83 .83 .83 .83 .91 .91 .91 1.1 
29 .71 .71 .71 .71 .71 .71 .71 .83 .91 1.0 
30 .91 .83 .83 .91 .91 .91 1.0 1.1 1.1 
July 1 .71 .71 
.78b 
.71 .71 
. 74° 
.71 .71 
. 90d 
.77 1.1 
Table 11 (Continued) 
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Date of soil Date of observations 
package 
removal 
June 
26 27 28 29 30 
July 
1 2 3 5 8 11 18 25 
Webster soil, 27 - 30 inch depth, non-steamed 
June 26 .62* . 42 .42 .42 .42 .59 .59 .59 .59 .59 .71 .83 1.0 
27 
• 
20 .24 .33 .33 .38 .38 .38 .50 .50 .50 .67 .83 
28 .11 .26 .33 .29 .29 .29 .29 .29 .33 .45 .77 
29 .21 .28 .28 .28 .36 .42 .42 .50 .62 .77 
30 .45 .56 .56 .56 .56 .62 .67 .91 1.0 
July 1 .36 .36 
.32b 
.50 .50 
.40° 
.50 .67 
.56d 
.77 .91 
Webster soil, 27 ' - 30 inch i depth, steamed 
June 26 .83* . 77 .67 .71 .62 .71 .77 .71 .77 .77 .83 1.0 1.0 
27 
• 
43 .45 .56 • 56 .59 .59 .59 .67 .62 .67 .77 1.0 
28 .56 .56 . 56 .62 .62 .62 .62 .62 .77 .83 .91 
29 .77 .71 .71 .71 .71 .77 .71 .77 .83 .91 
30 .42 .50 .56 .62 .56 .59 .59 .77 .91 
July 1 .77 .83 
.63b 
.77 .77 
.64° 
.77 .77 
.73d 
.83 .91 
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Table 12. Relative abundance of Pythium graminicolum mycelium under 
packages of Colo soil from four depths 
Date of soil Date of observations 
package June July 
removal 30 1 2 3 4 5 6 7 10 13 20 27 
Colo soil, 3 - 6 : inch i depth, non-•steamed 
June 30 .16* .26 .38 . 56 .56 .56 .56 .56 .56 .56 .56 .77 
July 1 .56 .67 .67 .77 .77 .83 .91 .91 .91 .91 1.0 
2 .19 .31 .31 .31 .31 .42 .42 .53 .59 .83 
3 .29 .29 .29 .29 .29 .42 .59 .77 . .77 
4 .28 .28 .28 .28 .28 .36 .67 .71 
5 .29 .38 
.30b 
.42 .62 
.39° 
.62 .67 .67 
.60d 
Colo soil, 3 - 6 inch depth, steamed 
June 30 .83* .83 .91 .91 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 
July 1 .77 .83 .91 1.0 1.0 1.1 1.1 1.1 1.1 1.2 1.3 
2 1.2 1.2 1.5 1.5 1.5 1.5 1.6 1.6 1.6 1.6 
3 .91 .91 1.1 1.1 1.1 1.1 1.1 1.2 1.2 
4 .59 .67 .77 .83 .91 1.0 1.3 1.3 
5 .62 .62 
.82b 
.62 .67 
.97= 
.77 1.1 1.2 
1.13d 
aEach datum is the ratio: 
abundance of graminicolum mycelium under soil package 
abundance of P_. graminicolum in similar adjacent areas 
A^verage of figures in first diagonal row, each of which is a record 
of the first observation on each plate. 
A^verage of figures in third diagonal row, each of which is a record 
of observation made two days after soil package removal. 
^Average of figures in vertical row showing results of observations 
made on July 13 (20 days after soil package placement). 
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Table 12 (Continued) 
Date of soil Date of observations 
package 
removal 
June July 
30 1 2 3 4 5 6 7 10 13 20 27 
Colo soil, 9 - 12 inch depth, , non-steamed 
June 30 .26 .33 .33 .38 .50 .50 .62 .67 .71 .71 .71 1.0 
July 1 .26 .38 .45 .62 .62 .62 .67 .71 .67 .83 .83 
2 .20 .29 .45 .45 .62 .62 .62 .62 .62 .77 
3 .29 .33 .36 .42 .50 .53 .59 .77 .91 
4 .28 .28 .28 .31 .32 .43 .62 .77 
5 .33 .38 
.27b 
.38 .38 
.38= 
.45 .48 
. 58d 
.53 
Colo soil, 9 - 12 inch depth, steamed 
June 30 .71* .77 .11 .83 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 
July 1 .67 .77 .77 .83 .83 .91 1.0 1.0 1.0 1.3 1.3 
2 .67 .67 .83 .83 .91 1.0 1.1 1.3 1.3 1.3 
3 .59 .59 .62 .71 .83 1.1 1.2 1.3 1.3 
4 .83 .83 .91 1.0 1.0 1.0 1.2 1.2 
5 .71 .71 
. 70b 
.71 1.0 
.78° 
1.0 1.2 
l.ld 
1.2 
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Table 12 (Continued) 
Date of soil Date of observations 
package June July 
removal 30 1 2 3 4 5 6 7 10 13 20 27 
Colo soil, 15 - 18 inch depth, non-steamed 
June 30 .26* .26 .38 .50 .59 .67 .67 .67 .67 .62 .67 .77 
July 1 .62 .67 .67 .71 .67 .71 .67 .67 .67 .83 .91 
2 .67 .67 .67 .67 .67 .67 .77 .71 .91 1.0 
3 .38 .38 .42 .45 .42 .42 .38 .53 .77 
4 .33 .42 .50 .53 .53 .53 .62 .77 
5 .20 .20 .24 .33 .33 .38 .53 
.41b .48C .54d 
Colo soil, 15 - 18 inch depth, steamed 
June 30 .77* .77 "791 .91 .91 171 1.1 1.1 1.1 Ï7l 1.2 1.2 
July 1 .77 .77 .77 .83 .83 .83 .83 .83 .91 .91 1.1 
2 .77 .71 .77 .77 .83 .83 .83 1.0 . 1.1 1.1 
3 .67 .67 .77 .77 .83 .83 1.1 1.1 1.1 
4 .67 .71 .71 .71 .77 .77 1.0 1.0 
5 .83 .83 .77 .77 .77 1.1 1.2 
b e d  
.75 .78 .94 
Table 12 (Continued) 
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Date of soil Date of observations 
package June July-
removal 30 1 2 3 4 5 6 7 10 13 20 27 
Colo soil, 27 - 30 inch depth, non-steamed 
June 30 .77 .71 .67 .62 .71 .71 .83 .91 .91 .91 .83 .91 
July 1 .42 .42 .42 .42 .50 . 56 .62 .62 .62 .71 .91 
2 .56 .50 .56 .56 .56 . 56 .56 .59 .71 .91 
3 .37 .37 .43 .43 .43 .43 .53 .59 .67 
4 .42 .50 .50 .50 .56 .59 .71 .91 
5 .38 .38 
.49b 
.38 .45 
.49= 
.56 .77 
.63d 
.91 
Colo soil, 27 - 30 inch depth, steamed 
June 30 .91* .83 .91 .83 .91 .91 .91 .83 .83 .83 .83 .83 
July 1 .77 .77 .77 .83 .83 .83 .83 .83 .83 1.1 1.1 
2 .83 .83 .83 .83 .91 .91 1.0 .91 1.2 1.2 
3 .53 .53 .62 .59 .59 .62 .62 .77 .83 
4 .56 .67 .67 .67 .71 .83 .91 1.1 
5 .59 .71 .67 .71 .83 .91 1.0 
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Table 13. Relative abundance of Pythium graminicolum mycelium under 
Clay subsoil packages from 22 foot depth 
Date of soil Date of observations 
package July 
removal 19 20 21 22 23 24 25 26 27 28 31 
Clay subsoil, 22 foot depth, non-steamed 
19 .91d .91 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
20 .77 .77 .77 .83 .83 .91 .91 .91 .91 .91 
21 .83 .83 .91 .91 .91 .91 .91 .91 1.0 
22 .77 .83 .91 .83 .83 .83 .83 .91 
23 .59 .67 .53 .67 .67 .71 .71 
24 .50 .50 
. 73b 
.50 .50 
. 77° 
.67 .67 
.87d 
Clay subsoil, 22 foot depth, steamed 
19 .91* 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 
20 .91 .91 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
21 .77 .83 .91 .91 1.0 1.0 1.0 1.0 1.0 
22 .83 .91 .91 .91 1.0 1.0 1.0 1.0 
23 .67 .67 .67 .71 .77 .83 .83 
24 .71 .72 
. 80b 
.71 .71 
.87= 
.83 .71 
. 94d 
"Each datum is the ratio: 
abundance of P_. graminicolum mycelium under soil package 
abundance of P_. graminicolum in similar adjacent areas 
b Average of figures in first diagonal row, each of which is a record 
of the first observation on each plate. 
A^verage of figures in third diagonal row, each of which is a record 
of observation made two days after soil package removal. 
^Average of figures in vertical row showing results of observations 
made on July 27 (20 days after soil package placement). 
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Table 1.4. Relative abundance of Pythium debaryanum mycelium under Clarion, 
Webster and Colo soils from 3 - 6 inch depth 
Date of soil Date of observations 
package July 
removal 13 14 15 16 17 18 19 20 21 24 27 
Webster soil, 3-6 inch depth, non-steamed 
July 13 .24* .24 .-24 .26 .29 .38 .38 .38 .33 .33 .38 
14 .13 .13 .24 .29 .33 .33 .33 .45 .56 .71 
15 .13 .24 .38 .56 .56 .59 .59 .67 .71 
16 .20 .26 .33 .37 .43 .45 .71 .83 
17 .20 .33 .33 .42 .50 .59 .71 
18 .21 .21 .26 .26 .53 .71 
.19b .30= .67d 
Webster soil, 3-6 inch depth, steamed 
July 13 1.2* 1.3 1.5 1.5 1.5 1.5 1.4 1.4 1.5 1.4 1.4 
14 1.4 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 
15 1.3 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.4 
16 1.4 1.5 1.5 1.5 1.5 1.6 1.6 1.4 
17 1.3 1.6 1.6 1.6 1.6 1.5 1.6 
18 1.0 1.2 1.4 1.5 1.5 1.5 
1.3b 1.5= 1.5d 
*Each datum is the ratio: 
abundance of P_. graminicolum mycelium under soil package 
abundance of P_. graminicolum in similar adjacent areas 
bAverage of figures in first diagonal row, each of which is a record 
of the first observation on each plate. 
=Average of figures in third diagonal row, each of which is a record 
of observation made two days after soil package removal. 
dAverage of figures in vertical row showing results of observations 
made on July 27 (20 days after soil package placement). 
Table 14 (Continued) 
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Date of soil Date of observations 
package July 
removal 13 14 15 16 17 18 19 20 21 24 27 
Clarion soil, 3-6 inch depth, non-steamed 
July 13 .24* .24 72? 729 738 738 . 38 . 3 8 745 745 . 50 
14 .20 .21 .21 .26 .33 .33 .36 .36 .42 .42 
15 .17 .20 .29 .33 .33 .33 .42 .42 .62 
16 .13 .14 .24 .29 .31 .34 .34 .50 
17 .42 .62 .83 .83 .91 .91 1.0 
18 .24 .29 .29 .38 .50 .77 
.23b .35= . 64d 
Clarion soil, 3-6 inch depth, steamed 
July 13 1.5* 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.4 
14 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.4 
15 1.4 1.5 1.4 1.4 1.4 1.4 1.6 1.6 1.6 
16 1.5 1.4 1.5 1.5 1.5 1.5 1.5 1.5 
17 1.5 1.6 1.6 1.6 1.6 1.6 1.6 
18 1.4 1.4 1.4 1.4 1.5 1.5 
1.5b 1.5° 1.5d 
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Table 14 (Continued) 
Date of soil Date of observations 
package 
removal 
July 
13 14 15 16 17 18 19 20 21 24 27 
Colo soil, 3 - 6 inch depth non -steamed 
July 13 .59 .83 .83 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1 
14 .29 .38 .62 .67 .71 .77 .83 .83 1.0 1.0 
15 .42 .48 .67 .71 .91 1.1 1.2 1.2 1.2 
16 .29 .29 .50 .56 .59 .62 .71 .83 
17 .20 .29 .42 .56 .59 .59 .67 
18 .33 .45 
.35b 
.56 .59 
. 60C 
.62 .83 
. 94d 
Colo soil, 3 - 6 inch depth, steamed 
July 13 1.4* 1.4 1.4 1.5 1.6 1.6 1.6 1.6 1.6 1.4 1.4 
14 1.5 1.5 1.5 1.6 1.6 1.6 1.6 1.6 1.5 1.5 
15 1.3 1.3 1.6 1.6 1.6 1.6 1.6 1.6 1.6 
16 1.4 1.8 1.8 1.8 1.6 1.6 1.6 1.6 
17 1.5 1.6 1.6 1.6 1.6 1.6 1.6 
18 1.3 1.5 
1.4b 
1.6 1.6 
1.6° 
1.6 1.6 
1. 6d 
